Abstract
in some household and personal wash products. This decision was due to concerns that these 23 chemicals might induce antibiotic resistance or disrupt human microbial communities. Triclosan 24 and triclocarban (referred to as TCs) are the most common antimicrobials in household and 25 personal care products, but the extent to which TC exposure perturbs microbial communities in 26 humans, particularly during infant development, was unknown. We conducted a randomized 27 intervention of TC-containing household and personal care products during the first year 28 following birth to characterize whether TC exposure from wash products perturbs microbial 29 communities in mothers and their infants. Longitudinal survey of the intestinal microbiota using 30 16S ribosomal RNA amplicon sequencing showed that TC exposure from wash products did not 31 induce global reconstruction of either infant or maternal intestinal microbiotas following 10 32 months of exposure after birth. However, broadly antibiotic-resistant species from the phylum 33
Introduction 40
Triclosan and triclocarban (TCs) are chlorinated, broad-spectrum antimicrobial 41 chemicals found in thousands of consumer and industrial products. They are present most 42 notably in personal wash products including toothpaste and liquid soaps (triclosan) and bar 43 soaps (triclocarban). In 2016, a Food and Drug Administration (FDA) ruling banned the use of 44
TCs and 17 other antimicrobial chemicals in over-the-counter wash products, driven by the 45 concern that the use of these products contributed to antibiotic resistance and might negatively 46 affect human health, either through endocrine disruption or modification of the human 47 microbiota(1). Notably, many other TC-containing products, such as toothpaste, fabrics and 48 plastic goods (including toys), were not subjected to the ban. 49
To date, limited data exists regarding the effects of TCs on the human microbiota(2). 50
The microbes that occupy the human body in niches from the gut to the skin have diverse roles 51 in human health, ranging from metabolic support to immunomodulation. Imbalances in these 52 microbial communities are implicated in a wide variety of diseases(3). The extent to which 53 triclosan exposure may induce microbial perturbations has been studied in fish and rodent 54 models with conflicting outcomes (reviewed in (4)). Triclosan exposure restructures the juvenile 55 fish microbiome(5), but results in recoverable alterations following short-term perturbation in 56 adult fish(6). Adolescent rats receiving oral triclosan at levels comparable to human exposures 57 develop lower microbial diversity in the gut and more prominent changes in taxonomic 58 composition than in adult rats(7). While triclocarban exposures are less studied, in pregnant rats 59
and their offspring less than 10 days old, exposure lead to lowered phylogenetic diversity and 60 revealed a dominance of the Proteobacteria phylum in the gut(8). In a small, randomized cross-61 over human study, TC wash product exposure did not induce major perturbations of the oral and 62 gut microbiomes(9). This finding supports other studies that have shown minimal impact of 63 triclosan on dental microbial ecology, despite slowing the progression of periodontitis(10). 64
The core microbiome of humans is established in the first few years of life(11). 65
Disruptions to the microbiota early in development by extrinsic factors, such as antibiotics, can 66 have long-term impacts on metabolic regulation(12) and can delay normal microbiota 67 maturation(13). The impact of TC exposure through household and personal care products on 68 the developing microbiota is unknown. As a nested, randomized intervention within Stanford's 69
Outcomes Research in Kids (STORK), a prospective cohort study of healthy mothers and 70 infants(14), we provided commercially available wash products containing or not containing TCs 71 (TC and nTC arms, respectively) to evaluate their relative impact on the maternal and infant 72 intestinal microbiota over the first year of the infant's life. 73
74

Results
75
Study Demographics. 76
Thirty-nine households from the STORK cohort met our inclusion criteria (i.e., at least 5 77 of 6 expected stool samples available from the household). Complete sampling for both infants 78 and mothers for three time points after birth was available for 26 households, and one sample 79 was missing for 13 households. Home visits and sample collection occurred on average 74 (14-80 124), 200 (135-256) and 317 (241-377) days following birth (Supplementary figure 1) . These 81 days correspond to approximately 2.7, 6.6, and 10.6 months, referred to as 2, 6, and 10 months 82 hereafter. The average age of mothers in this subset was 34 years and 46% were of Hispanic 83 origin (Table 1) . 84
85
Randomization to TC-containing household and personal products is sufficient to 86 increase triclosan exposure after 6 months. 87
Mothers in TC households had higher spot urinary triclosan levels at 6 months when 88 compared to those in nTC households, with a median triclosan measurement of 837.05 pg/μL 89 compared to 76 pg/μL (p < 0.001). With one exception, levels in children were uniformly low, 90 with a median of 38.3 pg/μL in TC households and 10.05 pg/μL in nTC households (p=0.06, 91 At the time of the US FDA ruling that banned 19 antimicrobials from wash products, the 149 extent to which TC exposure perturbed microbial populations in humans, particularly during 150 infant development, was unknown. To test the hypothesis that exposure to TC-containing wash 151 products induces a measurable impact on the intestinal microbiota of adults and growing 152 infants, we assessed the stool microbiome from mothers and infants in households that had 153 been randomized to TC or nTC wash products during the first year of the infant's life. We 154 observed that ongoing TC exposure from household products does not contribute to major 155 reconstruction of either infant or adult intestinal microbiomes after approximately 10 months. TC 156 exposure did not reduce overall gut microbial diversity in infants or mothers at any visit. 157
However, there are some notable trends in differential taxa with potential health implications. 158
The most enriched species in the nTC randomized infants, Bacteroides fragilis, has been shown 159 to direct maturation of the immune system(16) and produce anti-inflammatory 160 polysaccharides(17). The most enriched organisms in the TC households at the 10-month visit 161
were Bacteroides caccae in infants and Escherichia coli in mothers. Strain-specific triclosan 162 resistance in E. coli has been described(18) and may explain its enrichment in TC households 163 at the late time-point. Given that B. caccae was extensively enriched in the infants at the 10-164 month visit, it is possible that this organism also harbors interesting strategies for acquired or 165 innate antimicrobial resistance. 166
In the TC arm of the study, mothers showed a strong enrichment of Proteobacteria, a 167 phylum associated with broad spectrum antibiotic resistance. The finding that Proteobacteriawere enriched in the gut microbiota is consistent with observations in fish following triclosan 169 exposure(5). The emergence of Proteobacteria was associated with the introduction of triclosan-170 containing toothpaste after the 2-month visit. This suggests that the major intestinal exposure to 171 triclosan is through toothpaste rather than wash products, and that personal care products not 172 covered by the FDA ban may play a role in the expansion of antibiotic-resistant species in the 173 intestine. 174
One caveat of this study is that triclosan has a relatively short half-life (24 hours) and 175 urinary triclosan results were from only one time point; thus, it is not possible to know the 176 cumulative dose of triclosan received by the study participants by absorption through the skin or 177 intestine. Although mothers in the TC arm had higher levels of triclosan detected in urine than 178 those in nTC households, the median triclosan level we detected in urine of nTC households 179 was higher than those reported in the National Health and Nutrition Examination Surveys approximately half of the levels following a 15 day randomization to household TC-containing 183 products in a previously published crossover study(9). Some of the differences may be due to 184 methodological variations in the protocols used for triclosan detection or differences in exposure 185 due to geography and inconsistent product usage. Infants in TC households and nTC 186 households often had low triclosan levels with no statistically significant difference observed 187 between groups. Low levels are unsurprising, as infants are not using adult toothpaste in the 188 first year of life. 189
Another limitation of the current study is that controlling for household TC use may not 190 be sufficient to identify the impact of other antimicrobials on the human microbiome. We did not that triclosan resistance may be mediated by specific genes(22-24), and that these genes may 213 be horizontally transferred(25). Although we did not identify a significant enrichment of an 214 antibiotic-resistance genes in a subset of TC-exposed mothers, future in vitro and potentially in 215 vivo studies will be required to more thoroughly characterize the impact of TCs on antibiotic 216 resistance in the gut microbiota. Triclosan exposure is known to play a role in allergen and food 217 sensitization(26, 27); topical skin application of triclosan is sufficient to induce peanut sensitivity 218 in mice(28). Given the high prevalence of TC exposure on the skin in this study, it will be 219 interesting to study the impact of these wash products on the skin microbiota and related health 220 outcomes. Despite the minimal effects of TC exposure from wash products on the gut microbial 221 community of infants and adults, these results suggest detected taxonomic differences are 222 associated with potential harmful effects on host physiology and highlight the need for consumer 223 safety testing of consumer antimicrobial products on the human microbiome. To filter rare (i.e. noisy) taxonomically classified reads, we calculated a prevalence 322 threshold based on taxa found in at least 7 samples. This threshold was chosen to include taxathat constitute a "core" microbiome, which suggests a taxon is persistent within at least two 324 mothers throughout the study or a taxon during development is found in at least 20% of infants 325 at one visit. This filtering resulted in the inclusion of 1115 taxa from a pool of 1892 taxa. 
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